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Technical Field

The present invention relates to a process for producing a halomethy! ester of an aliphatic carboxylic
acid safely and economically in industry.

Halomethyl esters of aliphatic carboxylic acids are useful as raw materials for medicines, agricultural
chemicals, etc., for example, as raw materials for oral beta lactam antibiotics such as Pivampicillin,
Pivmecillinam, Seftelam, Pivoxy! and the like.

Background Art

For production of a halomethyl ester of an aliphatic carboxylic acid, there have hitherto been known
processes by so-called chloromethylation (Blanc-Quelet reaction), such as a process described in J. Am.
Chem. Soc., 89, 21, 5439 (1967) wherein pivaloy! chloride is reacted with formaldehyde in the presence of
zinc chloride, and a process described in Otkrytiya, Izobret., 20, 102 (1987) wherein pivalic acid is reacted
with thiony! chloride and paraformaldehyde in the presence of zinc chioride. These processes, however,
have had a problem that chloromethyl methyl ether and bis(chloromethyl) ether (these highly toxic ethers
are hereinafter referred to as halomethyl ether) are formed as by-products.

Further, in Japanese Patent Application Kokai (Laid-open) No. 152341/1988 is proposed a process
wherein an alkali metal salt of an aliphatic carboxylic acid is reacted with a dihalohydrocarbon in a solvent
such as alcohol, aliphatic nitrile, ether or the like. It is described in the document that even a dihalomethane
can be used as the dihalohydrocarbon. However, our confirmation test for the process revealed that
relatively good results were obtained when the dihalohydrocarbon had two or more carbon atoms but, in the
reaction with a dihalomethane, only a bis(aliphatic carboxy)methane (a by-product) was formed and
substantially no halomethyl ester of an aliphatic carboxylic acid intended by the process was obtained. A
similar process is described in Japanese Patent Application Kokai (Laid-open) No. 188044/1991. In this
process also, a bis(aliphatic carboxy)methane is formed as a main product.

Furthermore, in Japanese Patent Application Kokai (Laid-open) No. 41052/1991 is proposed a process
wherein a metal salt of an alkanoic acid is reacted with a large excess amount of a dihaloalkane in the
presence of dimethylformamide or the like at a low temperature for a long period of time (at least 30 hours)
fo produce a haloalkyl ester of an alkanoic acid. In this process, however, a long reaction time (at least 30
hours) is required; since a dialkylamide of an alkanoic acid such as dimethylformamide or the like is used
as a third component, a step for separation and recovery thereof is required; and a yield of an intended
product is as low as 16-59%. Thus, the process has not been satisfactory as an industrial process.

The present invention has been made with the aim of providing a process for producing a halomethyl
ester of an aliphatic carboxylic acid, which forms no halomethyl ether as by-product (this is highly toxic and
highly carcinogenic) and which is advantageous in industrial application.

Disclosure of the Invention

The present inventors conducted a research on a process for producing a halomethyl ester of an
aliphatic carboxylic acid, which forms no halomethyl ether and which is advantageous in industrial
application. As a result, the present inventors found that the object can be achieved by using, in particular,
a phase fransfer catalyst in the reaction of a metal salt of an aliphatic carboxylic acid with a dihalomethane.
The finding has led to the completion of the present invention.

The present invention provides a process for producing a halomethy! ester of an aliphatic carboxylic
acid, which is characterized by reacting a metal salt of an aliphatic carboxylic acid with a dihalomethane in
the presence of a phase transfer catalyst.

Best Mode for Carrying Out the Invention

The present invention is described in detail below.

In the present invention, as the metal salt of an aliphatic carboxylic acid used as a raw material, there
are used, for example, alkali metal or alkaline earth metal salts of Cy-1o straight-chain, branched-chain or
cyclic aliphatic carboxylic acids. As the aliphatic carboxylic acids, there can be mentioned, for example,
formic acid, acetic acid, propionic acid, n-butyric acid, isobutyric acid, pivalic acid, cyclohexanecarboxylic
acid, cyclopentaneacetic acid, caprylic acid, n-nonanoic acid and octanoic acid. As the metal salis, there
can be used, for example, sodium salts, potassium salts, magnesium salts, calcium salts and barium salts
of aliphatic carboxylic acids. These metal salts of aliphatic carboxylic acids can be easily produced by



10

15

20

25

30

35

40

45

50

55

EP 0 563 401 A1

reacting an aliphatic carboxylic acid with a hydroxide, carbonate or hydrogencarbonate of an alkali metal or
alkaline earth metal. Each of the resulting salts of aliphatic carboxylic acids may be used as it is, without
being isolated.

As the dihalomethane, there can be used dihalomethanes obtained by subjecting methane to substitu-
tion with halogen atoms of chlorine, bromine, iodine, etc. The two halogen atoms in dihalomethane are
preferably different from each other. Of the dihalomethanes, preferable are bromochloromethane,
chloroiodomethane, bromoiodomethane, etc. The dihalomethane is used in an amount of 1-100 moles,
preferably 3-50 moles per mole of the metal salt of an aliphatic carboxylic acid, and the excess amount of
the dihalomethane can be easily recovered after the reaction and reused.

In the process of the present invention, the presence of a phase transfer catalyst is necessary in the
reaction of a metal salt of an aliphatic carboxylic acid with a dihalomethane. As the phase transfer catalyst,
there may be used any substance ordinarily called "phase transfer catalyst". However, there are generally
used quaternary onium salts such as quaternary ammonium salt, quaternary pyridinium salt, quaternary
phosphonium salt and the like; inclusion compounds such as crown ether, cryptand, polyethylene glycol
and the like; and so forth. Further, there may be used tertiary amines which react with the dihalomethane in
the reaction system to form a quaternary onium salt. Also, there may be used at least one substance freely
selected from those mentioned above. Specific examples of the phase ftransfer catalyst include
tetrabutylammonium  bromide, tetrabutylammonium chloride, tetrabutylammonium hydrogensulfate,
tetrabutylammonium hydroxide, tetrabutylammonium tetrafluoroborate, tetrabutylammonium perchlorate,
trioctylmethylammonium chloride, ftrioctylmethylammonium bromide, tetraphenylphosphonium bromide,
tetraphenylphosphonium chloride, benzyltriphenylphosphonium chloride, tetrabutylphosphonium bromide,
tetrabutylphosphonium chloride, 18-crown-6, dibenzo-18-crown-6, polyethylene glycol, 1-laurylpyridinium
chloride, tris(3,6-dioxaheptyl)amine [TDA-1], N,N,N',N'-tetramethylethylenediamine, N,N,N',N'-tetramethyl-
propanediamine and friethylamine, all of which are easily available commercially.

The preferable amount of the phase fransfer catalyst is at least 0.01 mole %, preferably at least 0.05
mole % based on the metal salt of an aliphatic carboxylic acid.

Next, description is made on the specific mode for preferably carrying out the present invention. First, a
phase transfer catalyst, a metal salt of an aliphatic carboxylic acid and a dihalomethane are mixed in given
proportions and reacted. In this case, there is no particular restriction to the addition order of the metal salt
of an aliphatic carboxylic acid (or, an aliphatic carboxylic acid and a corresponding base), the
dihalomethane and the phase transfer catalyst.

The reaction temperature has no particular restriction and is generally appropriate to be in the range of
0°C and the reflux temperature of the reaction system. The reaction time depends upon the kinds of raw
materials used, the reaction temperature, the catalyst, etc. but is generally about 15 minutes to 20 hours.
The reaction pressure may be normal pressure or applied pressure. When a metal salt of an aliphatic
carboxylic acid is formed in the reaction system, water of a corresponding amount is generated in the
reaction system; but the presence of this amount of water may cause no problem. This water may be
removed out of the reaction system by azeotropic distillation or the like; or may not be removed to conduct
the reaction of the present invention. When the water is removed, improvement in selectivity, etc. is
expected.

After the completion of the reaction, water is added and the resulting mixture is allowed to stand,
whereby an aqueous layer and an organic layer are separated. Only the organic layer is taken, water-
washed and subjected to distillation to obtain a desired halomethyl ester of an aliphatic carboxylic acid.

In the present invention, a bis(aliphatic carbonyloxy)methane (hereinafter referred also to as bis
compound) is obtained as a by-product from a distillation residue. This bis compound, by being hydrolyzed
with an alkali or an acid, can be recovered as an aliphatic carboxylic acid substantially quantitatively for
reuse as said acid. Therefore, the aliphatic carboxylic acid used as a raw material is consumed only by the
amount used for the formation of its halomethyl ester, which is efficient.

The present invention is hereinafter described specifically by way of Examples and Reference
Examples.

Example 1

Into a 1,000-ml reaction flask equipped with a reflux condenser, a thermometer and a stirrer were added
646.9 g (5 moles) of bromochloromethane, 32.6 g (0.5 mole) of 86% potassium hydroxide and 51.1 g (0.5
mole) of pivalic acid to form potassium pivalate. In this case, since water was formed in a corresponding
amount, it was removed by azeotropy with bromochloromethane. When the water removal was over, 0.2 g
of tetraphenylphosphonium bromide was fed and a reaction was conducted for 2.5 hours. The reaction
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temperature was 64-65 ° C; the conversion was 98.6%; the selectivity of chloromethyl pivalate was 65.4%;
and the selectivity of a bis compound was 32.9% [neither chloromethyl methy! ether nor bis(chloromethyl)
ether was detected in the reaction mixture]. Incidentally, the conversion, etc. were obtained by acidifying
the reaction mixture, subjecting the exiract to gas chromatography, and using the resulting chart to make
calculation by the total area method.

After the completion of the reaction, water was added to dissolve the inorganic salt formed and the
unreacted potassium salt, and the resulting mixture was allowed to stand. The separated organic layer was
taken, water-washed and subjected to distillation to obtain 563.9 g (recovery: 95%) of bromochloromethane
as a fraction of 67°C (boiling point). The distillation residue was subjected to vacuum distillation at 50
mmHg to obtain 43.7 g of chloromethyl pivalate as a fraction of 70-72°C (boiling point). 17.8 g of the
vacuum distillation residue was stirred in 80 g of concentrated hydrochloric acid at 90°C for 7 hours; the
resulting mixture was allowed to stand; the organic layer was separated to obtain 16.0 g of pivalic acid. As a
result, the yield of chloromethyl pivalate based on pivalic acid was 84.4%.

Incidentally, the selectivity and the selectivity of bis compound were calculated as follows.

Selectivity (%) = [(yield (%) of desired product)/(conversion (%) of aliphatic carboxylic acid)] x 100
Selectivity of bis compound (%) = [(yield (%) of bis compound)/(conversion (%) of aliphatic carboxylic
acid)] x 100

Example 2

Into a 200-ml reaction flask equipped with a reflux condenser, a thermometer and a stirrer were added
64.7 g (0.5 mole) of bromochloromethane, 7.0 g (0.05 mole) of potassium pivalate and 0.42 g (2 mole %) of
tetraphenylphosphonium bromide. They were reacted at room temperature for 6 hours. [Neither
chloromethyl methyl ether nor bis(chloromethyl) ether was detected in the reaction mixture.]

In the reaction, the conversion was 96.7%; the selectivity was 65.8%; and the selectivity of bis
compound was 33.3%.

Examples 3-15
Reactions were conducted in the same manner as in Example 2 except that the catalyst, reaction

temperature and reaction time used in Example 2 were changed in each reaction. The reaction conditions,
conversions, selectivities, etc. are shown in Table 1.
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Reactions were conducted in the same manner as in Example 2 except that the catalyst amount and

the amount of bromochloromethane used in Example 2 were changed in each reaction. The reaction
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conditions, conversions, selectivities, etc. are shown in Table 2.
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Example 21

Into a 200-ml reaction flask equipped with a reflux condenser, a thermometer and a stirrer were added
64.7 g (0.5 mole) of bromochloromethane, 3.26 g (0.05 mole) of 86% potassium hydroxide, 0.32 g (2 mole
%) of tetrabutylammonium bromide and 5.1 g (0.05 mole) of pivalic acid. They were reacted for 8 hours.
[Neither chloromethyl methyl ether nor bis(chloromethyl) ether was detected in the reaction mixture.]

Incidentally, the reaction temperature was 40°C to the reflux temperature. In the reaction, the
conversion was 91.9%; the selectivity was 49.7%; and the selectivity of bis compound was 49.1%.

Example 22

Into a 1,000-ml reaction flask equipped with a reflux condenser, a thermometer and a stirrer were added
646.9 g (5 mole) of bromochloromethane, 32.6 g (0.5 mole) of 86% potassium hydroxide, 0.32 g (0.2 mole
%) of tetraphenylphosphonium bromide and 51.0 g (0.5 mole) of potassium pivalate. They were reacted at
the reflux temperature for 6 hours. [Neither chloromethyl methyl ether nor bis(chloromethyl) ether was
detected in the reaction mixture.]

Incidentally, the reaction temperature was the reflux temperature. In the reaction, the conversion was
96.7%; the selectivity was 61.0%; and the selectivity of bis compound was 37.4%.

Examples 23-26
Reactions were conducted in the same manner as in Example 2 except that the reaction temperature,

reaction time and potassium salt of aliphatic carboxylic acid used in Example 2 were changed in each
reaction. The reaction conditions, conversions, selectivities, etc. are shown in Table 3.
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Into a reaction flask equipped with a reflux condenser, a thermometer and a stirrer were added 129.9 g
of bromochloromethane, 6.21 g of sodium pivalate and 0.264 g of 18-crown-6 as a phase transfer catalyst.
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They were reacted for 8 hours. [Neither chloromethyl methyl ether nor bis(chloromethyl) ether was detected
in the reaction mixture.]

Incidentally, the reaction temperature was room temperature to 49°C. In the reaction, the selectivity
was 60.4% and the selectivity of bis compound was 36.3%.

Comparative Example 1

12.9 g (0.1 mole) of bromochloromethane, 15.4 g (0.11 mole) of potassium pivalate and 41.0 g of
acetonitrile (a solvent) were added into a 200-ml reaction flask equipped with a reflux condenser, a
thermometer and a stirrer and reacted for 14 hours, in accordance with the process described in Japanese
Patent Application Kokai (Laid-open) No. 152341/1988.

The reaction temperature was room temperature to the reflux temperature. In the reaction, the
conversion was 94.2%; the selectivity was 2.0%; and the selectivity of bis compound was 97.3%. Thus,
most of the reaction products was a bis compound.

Comparative Example 2

6.5 g (0.05 mole) of bromochloromethane, 5.4 g (0.055 mole) of potassium acetate, 13 ml of ethyl
acetate (a solvent) and 0.08 g (0.25 mM) of tetrabutylammonium bromide (a phase transfer catalyst) were
added into a 200-ml reaction flask equipped with a reflux condenser, a thermometer and a stirrer and
reacted for 20 hours, in accordance with the process described in Japanese Patent Application Kokai (Laid-
open) No. 188044/1991.

The reaction temperature was 50°C to the reflux temperature. In the reaction, the conversion was
80.2%; the selectivity was 3.39%; and the selectivity of bis compound was 96.1%.

Comparative Example 3

6.5 g (0.05 mole) of bromochloromethane, 7.7 g (0.055 mole) of potassium pivalate, 13 ml of isobutyl
acetate (a solvent) and 0.08 g (0.25 mM) of tetrabutylammonium bromide (a phase transfer catalyst) were
added into a 200-ml reaction flask equipped with a reflux condenser, a thermometer and a stirrer and
reacted for 20 hours, in accordance with the process described in Japanese Patent Application Kokai (Laid-
open) No. 188044/1991.

The reaction temperature was 50° C to 85°C. In the reaction, the conversion was 93.4%; the selectivity
was 1.57%; and the selectivity of bis compound was 96.7%.

Industrial Applicability

In the present invention, a metal salt of an aliphatic carboxylic acid is reacted with a dihalomethane in
the presence of a phase transfer catalyst; no halomethyl ether is formed as a by-product; and a halomethyl
ester of an aliphatic carboxylic acid can be produced at a high yield. The bis compound [bis(aliphatic
carbonyloxy)methane], which is obtained as a by-product, is hydrolyzed to enable the quantitative recovery
of an aliphatic carboxylic acid and its reuse. Thus, the present invention is preferable as a process for
industrial production of a halomethyl! ester of an aliphatic carboxylic acid.

Claims

1. A process for producing a halomethyl ester of an aliphatic carboxylic acid, which is characterized by
reacting a metal salt of an aliphatic carboxylic acid with a dihalomethane in the presence of a phase
transfer catalyst.

2. A process for producing a halomethyl ester of an aliphatic carboxylic acid according to Claim 1,
wherein the dihalomethane is used in an amount of 3-50 moles per mole of the aliphatic carboxylic
acid.



INTERNATIONAL SEARCH REPORT International application No.
PCT/JP92/01350

A. CLASSIFICATION OF SUBJECT MATTER

Int. C1° C07C69/63, C07C67/10, BO1J31/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int. C15 C07C69/63, C07C67/10, B0O1J31/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base « Ited during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JP, A, 63-152341 (Tosoh Corp.), 1
June 24, 1988 (24. 06. 88),

Claim; line 16, lower left column, page 3,
line 3, lower right column, page 2
(Family: none)

X JP, A, 3-188044 (Tosoh Yuki Kagaku K.K.), 1
August 16, 1991 (16. 08. 91),

Claim; lines 18 to 20, lower right column,
page 2 (Family: none)

February 21, 1991 (21. 02. 91),
Line 1, left column, page 1 to
line 2, lower left column, page 2,
line 11, upper left column, page 4
(Family: none)

PX JP, A, 4-5259 (Ihara Chemical Industry 1, 2
Co., Ltd.),
January 9, 1992 (09. 01. 92),

X JP, A, 3-41052 (Shionogi & Co., Ltd.), 1, 2

E Further documents are listed in the continuation of Box C. D See patent family annex.

“A"” document defining the general state of the art which is not considered

10 be of particular relevance the principle or theory underiying the invention

“L" documeat which may throw doubts on priority claim(s) or which is step when the document is taken alone

. Special categories of cited documents: “T* later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

“E" earlier document but published on or after the international filing date X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve 2n inventive

Japanese Patent Office
Facsimile No. Telephone No.

cited 1o b the publ date of her citation or other

special reason (as specified) “Y"” document of particular relevance; the claimed invention cannot be
“0" document referring to an oral discl use, exhibition or other considered 10 involve an inventive step when the document is

means ' combined with one or more other such d such combinati

i R . K . being obvious to a person skilled in the art

“P" document publisbed prior to the international filing date but later than

the priority date claimed “&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report

December 25, 1992 (25. 12. 92) February 2, 1993 (02. 02. 93)

Name and mailing address of the ISA/ Authorized officer

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

Intemational application No.

PCT/JP92/01350

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Claim; lines 2 to 7, left column,
(Family: none)

page 2

Form PCT/1ISA/210 (continuation of second sheet) (July 1992)




	bibliography
	description
	claims
	search report

